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Specifications / 2 5 

1. Title of the Invention 

Air-cleaning filter Element 

2 . Claims 

An air-cleaning filter element comprised by laminating a 
sheet-like electret filter with a sheet containing an offensive 
odor adsorbent, and integrally molding them in a pleated shape. 

3. Detailed Specifications 
(Field of Industrial Utilization) 

The present invention pertains to a filter element used in 
air purifiers. It has a function for collectively removing the 
dust and offensive odors floating in the air, but in particular, 
the performance of the filter element is such that the pressure 
loss is low and the purifying effect is high. 
(Prior Art) 

In order to remove dust floating in the air, electrostatic 
air purifiers or electric dust collectors were used in the past. 
They charged dust particles using corona discharge and collected 
and removed these particles using an electrode or filter with the 
opposite charge. However, besides the fact that a high voltage 
of several KV to several tens of KV was required in order to 
charge the dust particles by corona discharge, and there were 
risks from a handling standpoint, there was fear that a fire 
could occur. Thus, the demand for a dust collector that did not 
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require a high voltage was strong. Various filters also had been 
proposed regardless of the electrostatic merits. However, it is 
often the case that cigarette smoke was present and it was 
necessary to also collect the dust in the air inside rooms and 
cars with a diameter of 1 urn diameter or less. In order to 
remove these kinds of microscopic particles by filtration, the 
need for a filter with an extremely high pressure loss was 
unavoidable. Consequently, it was extremely difficult to remove 
the fine dust particles in this system with good efficiency at a 
low pressure loss. 

Thus, a low pressure loss type air-cleaning filter with a 
combined honeycomb sheet containing activated carbon and an 
electret filter is disclosed in Tokkai No. 58-175560. 

In order to remove offensive odors in the air, a layer 
packed with activated carbon primarily was used in filters in the 
past. However, the adsorption rate of the malodorous substances 
was slow. In order to improve this, an air filter with a small 
activated carbon particle size was used, or a filter with a 
thicker packing layer was used. However, the pressure loss 
increased with this kind of construction. In addition, the noise 
from the fan became a problem if an adequate air capacity was 
maintained. 

Furthermore, the ability of activated carbon to adsorb and 
remove various malodorous substances extensively is outstanding, 
but the capacity to adsorb ammonia or the main constituents of 
offensive cigarette odors-acetaldehydes-indoors is inadequate. 



In addition, a method in which an electret filter and a 
material in which a fine activated carbon powder or other 
adsorbent is adhered to a urethane foam were combined, a method 
in which an electret filter and a filter in which a fibrous 
activated carbon was made into paper and then into the form of a 
sheet, and subsequently into the form of a filter by corrugation 
and lamination, among other methods, are used as methods for 
removing both dust and offensive odors in the air. However, 
there were many problems because the life span of the activated 
carbon-containing filter was shorter than the electret filter. 
(Problems Which the Invention Intends to Solve) 

When electret filters and deodorizing sheets were used 
together, they were often used by combining an electret filter 
formed in a pleated shape and a deodorizing sheet formed in a 
flat shape. The pleats in the electret filter were good for 
reducing the pressure loss when the air capacity was high. And 
in order to improve the adsorption capacity, the life span of the 
deodorizing sheet containing the adsorbent was considered, and it 
was placed on the front face or rear face of a pleated electret 
filter whose sheet thickness was increased to a certain degree. 
In order to lengthen the deodorizing life span, it was necessary 
to increase the amount of adsorbent. The situation was that the 
thickness of the adsorbent layer increased, the air passageway 
narrowed, and a rise in the pressure loss was not avoided. 
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(Means Used to Solve the Problems) 

The inventors of the present invention investigated a method 
in which fine activated carbon particles were used as an 
adsorbent and they were adhered to the surface of a textile or 
web, and furthermore, the relationship between the adsorption 
capacity and pressure loss when the filter obtained in this way 
and an electret filter were molded integrally in a pleated shape. 
As a result, in integrally molding a filter in which fine 
activated carbon particles were impregnated in the surface of a 
textile or web with an adhesive in the shape of pleats, they 
discovered that it was possible for the impregnated amount of 
adsorbent to be higher than in the past without the pressure loss 
rising as much, and they arrived at the present invention based 
on that. 

That is, it is an air-cleaning filter element comprised by 
laminating a sheet-like electret filter and a sheet containing an 
offensive odor adsorbent, and integrally molding them in a 
pleated shape. 

The present invention will be explained in detail below. 

The texture of the sheet-like electret filter used in the 
present invention is not especially limited, but when it is 
utilized in an air purifier, it is often used in a state in which 
the air capacity is considerably high. It is necessary to keep 
the pressure loss low even under that kind of condition. 
Consequently, a nonwoven fabric with a coarse texture is suitable 
for the filter. It is necessary that the material be one in 
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which it can be subjected to an electret processing and pleated 
using heat. For example, synthetic fibers, such as 
polyvinylidene fluoride, polypropylene, polyethylene and 
polyester fibers, are suitable. 

The material of the electret filter is polarized 
electrically. In other words, the surface is in a state in which 
it always has a fixed electrostatic charge. Consequently, the 
surface of the electret filter is charged with negative 
electricity, and microscopic particles, such as cigarette smoke 
with a diameter of 1 urn or less and having the usual positive 
charge, are sucked into and removed through a section of the 
electret filter having a negative charge. Thus, fine particles 
can be removed with good efficiency at a low pressure loss. 
Removing these kinds of microscopic particles in the usual 
filtering method is considerably difficult. In addition, the 
pressure loss cannot help from becoming extremely high and the 
dominant properties of the electret filter are extremely marked. 

An electret filter normally is fabricated by subjecting a 
polarized material that is serving as dielectric and a polymer, 
such as polyester or polypropylene, to an electret treatment. 
Various methods are known as electret treatment methods in which 7 27 
polarization is done permanently, but normally, a method in which 
the dielectric is interposed between electrode plates, the 
temperature is elevated to just under the softening point, and 
annealed close to room temperature when a high DC voltage is 
applied. In addition, this polarized state continues for several 
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years; hence, the filter has a function for removing microscopic 
particles over a long period of time. Moreover, it is not 
necessary to apply a high voltage when it is in use; hence, it is 
handled with ease, there is no danger of a fire occurring, and it 
is highly safe. 

The offensive odor adsorbent is not especially limited, but 
it is necessary that it have performance for removing offensive 
odors in the air; activated carbon, zeolite, essential vegetable 
oils, and the like are effective. In particular, activated 
carbon is a unique material having an extremely outstanding 
adsorption capacity as a nonpolar adsorbent. It exhibits a high 
adsorption capacity on almost all gaseous substances; hence, it 
is extremely outstanding. 

Any coconut husk-based, charcoal-based, or coal-based 
activated carbon may be used for the activated carbon. 

In addition, the effect of the grain size of the activated 
carbon on the adsorption rate of the malodorous components is 
extremely large. The smaller the grain size, the faster the 
adsorption rate. As shown in this practical example, it is an 
activated carbon with coconut husk as the raw material, and a 3 00 
mesh path of 90% and an average particle size of about 20 urn are 
suitable . 

The material composing the sheet containing the adsorbent is 
not especially limited, but it is necessary that it be disposed 
to being pleatable. As for the structure of the sheet, webs, 
textiles, nonwoven fabrics, nets, and the like can be used 
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diversely. For example, polyester, polypropylene, nylon, and the 
like are suitable for materials able to be pleated. In addition, 
the weaving or knitting methods are not limited, but in order to 
reduce resistance to ventilation, a mesh-like cloth formed with 
holes in specified intervals is preferable. 

The method by which the activated charcoal particles are 
contained in a sheet is not especially limited, but a binder is 
necessary in order to impregnate them in the fibers of a web, 
etc. However, some of the surface of the activated carbon is 
covered by the binder; hence, it is difficult to avoid a 
reduction in the adsorbing capacity to a certain degree, but the 
extent of the reduction differs depending on the type of 
activated carbon thereof. Generally, if a latex-based adsorbent 
having suspended particles with a large particle size is used, it 
is confirmed that the extent of the reduction in the adsorbing 
capacity is small. 

The fine activated carbon particles can be impregnated in 
the fiber surface of the web or the like by dispersing the fine 
activated carbon particles in a latex, dipping the aforementioned 
web or the like in that, and lightly squeezing and drying it. 

It is necessary to integrally mold the filter element of the 
present invention in a pleated shape by laminating the electret 
filter and the adsorbent-containing filter. 

It can be molded integrally by pleating it at the time it is 
laminated. A solid integral molding is possible when a small 
amount of hot-melt adhesive is used as well. 
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Pleating may be carried out in a method such as making folds 
and then passing this between hot plates. On that occasion, it 
is preferable to simultaneously overlap and pleat the electret 
filter and the sheet impregnated with the adsorbent or activated 
carbon. In addition, in order to inhibit the electret filter and 
sheet to which the adsorbent or activated carbon is adhered from 
shifting, a method, such as spot-bonding both sheets with a hot- 
melt or other kind of adhesive also can be applied. 

After separately pleating them, they may be used by adhering 
them. In addition, they may be used by overlapping the electret 
sheet on both the front and back sides of the sheet to which the 
adsorbent or activated carbon was adhered, or by laminating them. 

In order to prevent the shape from collapsing after 
pleating, the top of each crest may be linked with a polymer 
material or other reinforcing agent so that the pitch of the 
pleats is not disordered. 

The present invention is a filter element used in air 
purifiers. As stated above, the integrally molded filter is 
installed by cutting it into the desired size according to the 
size of the air purifier. The air purifier is not especially 
limited and air purifiers used for inside rooms of office 
buildings, for homes, inside cars, and the like are diversely 
included . 

(Effects and Merits) 

The present invention is such that in addition to dust with 
a 1 vim diameter or less floating in the air, which is the main 728 
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constituent of violet cigarette smoke in the air, offensive odors 
in the air may be removed with good efficiency by combining the 
electret filter and the activated carbon sheet. 

In addition, because the filter has a characteristic in 
which the pressure loss is extremely low, it is suited to 
circulating a large amount of air and it is suitable in filter 
elements for air purifiers. 

Furthermore, this laminated filter is molded integrally; 
hence, it is compact, it is handled with ease, and it also is 
suitable as a filter element for air purifiers accordingly. 
( Practical Examples ) 

The present invention will be explained more specifically 
below by citing practical examples. 

Filter elements prepared by using the following elements a, 
b and c were used in the practical examples of the present 
invention . 

Element a: an electret filter 

Material: polypropylene, fiber diameter: 3 0 um 
Thickness: 1 mm, basis weight: 100 g/m 2 

Pleat width: 1 cm, number of pleat crests per cm: 1, length 
behind pleat: 1/2 the original length 
Element b: a sheet with activated carbon powder adhered to net- 
like web 

The material and shape of the net-like web include a web 
knitted with stitches spread 3 mm and a 50 g/m 2 basis weight by 
using 100 dr polyester yarn. 
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100 parts fine coconut husk activated carbon particles 
having the usual adsorbing capacity were dispersed in 120 parts 
water, a suspension in which 40 parts of a 2% CMC aqueous 
solution and 260 parts of a 45% acrylonitrile butadiene-based 
latex were added was prepared as the adhesive, the above- 
mentioned net-like web was dipped in the suspension, lifted out, 
and subsequently squeezed and dried at 120°C. 

Element c: a sheet-like activated carbon using a polyurethane 
foam sheet 

A cell-venting product of a polyurethane foam sheet (number 
of cells per inch: 8, thickness: 3 mm, polyurethane basis weight: 
80 g/m 2 ) was dipped in the same activated carbon suspension as 
for the sample b, squeezed so that the activated carbon basis 
weight was 150 g/m 2 , and subsequently dried at 120°C. 
Practical Example 1 

The element a was pleated at the same thickness as the 
element b, and the element a and element b were spot-bonded and 
laminated with a small amount of hot-melt adhesive. 

A perspective view thereof is shown in Fig. 2. In addition, 
the weight per unit area of activated carbon and the pressure 
loss of the element are shown in Table 1. 

The weight per unit area of activated carbon was measured 
according to JIS M 8812 (method for industrially analyzing types 
of carbon and coke), and the pressure loss was measured at an air 
capacity of 1 m/sec at 25°C. 
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The adsorbing ability of the element is shown in Fig. 1. 
The adsorbing ability was shown according to the relationship 
between the operating time of air purifying device and the 
remaining percentage of the hydrogen sulfide gas. The 
measurement method thereof is as stated below. 

An element cut to 10 cmx30 cm was installed in an air 
purifying device able to treat gas at a 1 m/sec air capacity, and 
set inside aim 3 acrylic box with the hydrogen sulfide gas 
concentration pre-adjusted to 1,000 ppm. The relationship 
between the air circulation time and the residual hydrogen 
sulfide gas concentration was examined. The results thereof are 
shown in Fig. 1. 

During the gas concentration measurement, a highly sensitive 
gas chromatograph equipped with an FPD detector (flame ionization 
detector) was used. 

The element was installed in an air purifying device, the 
atmosphere was suctioned, and the atmospheric dust-removing 
ability on the discharge side examined. However, a difference 
with the element a was not confirmed. 
Comparative Example 1 

The element c was placed behind the element a to make an 
element. The relationship between the activated carbon basis 
weight and the pressure loss of the element, and the relationship 
between the operating time of air purifying device and the 
remaining percentage of the hydrogen sulfide gas were measured in 
the same manner as in Practical Example 1. The results thereof 
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are shown in Table 1 and Fig. 1. 
Comparative Example 2 

An unpleated element b was placed behind the element a to 
make an element. The relationship between the activated carbon 
basis weight and the pressure loss of the element, and the 
relationship between the operating time of air purifying device 
and the remaining percentage of the hydrogen sulfide gas were 
measured in the same manner as in Practical Example 1. The 
results thereof are shown in Table 1 and Fig. 1. 

Table 1 123. 





Practical 
Example 1 


Comparative 
Example 1 


Comparative 
Example 2 


Total weight per unit area g/m" 


500 


430 


400 


Activated carbon weight per unit 
area g/nf 


200 


150 


100 


Pressure loss mmAq/sheet 


0 . 9 


1.0 


1 . 0 



4. Brief Description of the Figures 

Figure 1 shows the relationship between the operating time 
of an air purifying device and the remaining percentage hydrogen 
sulfide gas in Practical Example 1 and Comparative Examples 1 and 
2 . 

1: Practical Example 1 
2 : Comparative Example 1 
3 : Comparative Example 2 

Figure 2 shows an embodiment of the present invention in a 
perspective view of an offensive odor element by overlapping a 
filter in which activated carbon was adhered to a net-like web 
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and an electret sheet. 

4: activated carbon impregnated sheet 
5: electret filter 



[Figure 1] 

Key: (a) Operating time of air purifying device; (b) Remaining 
percentage of H 2 S gas; (c) minutes 
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JP-A-4-74505 

PUBLISHED UNEXAMINED PATENT APPLICATION 

Published on Mar. 9. 1992 

Title of The Invention: 

FILTER ELEMENT FOR AIR-PURIFYING 

Claim: 

A filter element for air-purifying formed in pleats like shape by laminating and 
integrating a sheet-like electret filter and a sheet including a deodorizing adsorbent. 



